ABSTRACT
INTRODUCTION

I
n recent years, the research on migraine pathophysiology focused on vasoactive substances with endothelial origin, cortical spreading depression, and cerebral energy metabolism, particularly in migraine with aura. In migraine patients, cerebral metabolic changes and increased oxidative stress during the process beginning with the activation of trigeminovascular system cause impairment in mitochondrial energy transport chain. Mitochondrial cytopathies are a group of disorders, presenting with different clinical pictures, which result from impaired synthesis of mitochondrial proteins which are coded by nuclear RNA or mitochondrial DNA, or due to mutation of transfer RNA and ribosomal RNA (primary) or some exogen factor such as drugs, toxins, infections (secondary). Since most of the mitochondrial proteins have a role in respiratory chain and oxidative phosphorilation, these disorders are also called respiratory chain disorders.
MELAS is a mitochondrial disorder characterized by cerebrovascular events, lactic acidosis and myopathy (1) . Seizures and migraine like headaches can be seen during the course. It has been known that patients with MELAS may suffer only from migraine episodes before typical symptoms emerge (2) . Particularly progress in the radiology field pave the way for scientific studies on MELAS.
Some magnetic resonance (MR) and MR spectroscopy studies suggested the possibility of mitochondrial anomalies in migraine patients (3) . During mitochondrial energy transport pyruvic acid (PA) is produced from carbohydrates and fats, diffuse along mitochondrial outer membrane and turn into lactic acid (LA) through tricarboxylic acid cycle. Therefore PA and LA increase in mitochondrial energy transport anomalies. In the present study, our aim was to investigate whether there are mitochondrial functional anomalies in patients with migraine type or tension type headache, diagnosed per International Headache Society 2004 classification (4) .
In order to detect mitochondrial anomalies plasma PA and LA levels of the patietns were compared with healthy controls. In order to rule out the effect of physical exercise on plasma LA and PA levels, blood samples were drawn during headache free periods, between 09 and 11 am, after a rest period of 15 minutes or longer, while sitting down, from cubital vein with a 21 no injector. 0.5 ml blood sample was quickly completed to 1.5 ml. Samples were centrifuged in Eppendorf tubes (0.8 N cooled perchloric acid) and placed in ice in a few minutes. After this, the protein derived from the sample by 15 minutes of 1200 g centrifuge was stored at -20°C until measurement. Student t test in SPSS for Windows 11.5 software was used in the statistical analysis. p<0.05 was reported as significant throughout.
METHOD
Measurement of Plasma
RESULTS
Plasma LA Levels: Mean LA level in migraine patients without aura was 9.6±2.5 mg/dL, in migraine patients with aura was 10.5±3.3 mg/dL, in tensiontype headache patients was 8.2±1.8 mg/dL, and in control group was 3.3±1.1 mg/dL. When migraine patients wih control group was compared, LA levels were significantly higher in the migraine group (p<0.001). While LA levels were higher in paitents with migraine when compared with patients with tension-type headaches, the difference was statistically significant (p>0.05).
There were no significant differences regarding LA levels between migraine patients with or without aura. LA level was significantly higher in patients with tension type headache than the control group (p<0.001).
Plazma PA Levels: Mean PA level in migraine patients without aura was 0.51±0.16 mg/dL, in migraine patients with aura was 0.53±0.18 mg/dL, in tensiontype headache patients was 0.47±0.15 mg/dL, and in control group was 0.26±0.10 mg/dL. When migraine patients wih control group was compared, PA levels were significantly higher in the migraine group (p<0.001). While PA levels were higher in patients with migraine when compared with patients with tensiontype headaches, the difference was statistically significant (p<0.05).
There were no significant differences regarding PA levels between migraine patients with or without aura. PA level was significantly higher in patients with tension type headache than the control group (p<0.001) ( Tables  1 and 2 ). 
DISCUSSION
Currently migraine aura pathophysiology is explianed with cortical spreading depression (5) . In cortical spreading depression, defined by Lao first, neuronal hyperexitability state is followed by hyperperfusion, hypoperfusion and oligemia. Anaerobic glycolysis and oxidative stress increase further during oligemia. Oligemia never reaches a threshold and generally compensated by vasodilaters like atrial natriuretic peptide. Since anaerobic glycolysis is more prominent in migraine patients with aura, cerebral pH changes and increased glycolysis products (lactate+pyruvate) are expected to be higher. This condition is consistent with our results. Measuring lactate and pyruvate levels during aura and pain episodes in migraine patients with aura and during pain episode in migraine patients without aura could be more valuable to study. However, due to technical difficulties we could not achieve that. Future studies conducted during aura and pain phases can yield more valuable data.
MELAS syndrome, which was defined in 1984 for the first time, is a mitochondrial disorder which is inherited from the mother and is seen equally common in men and women (1) . Early symptoms include muscle weakness and repetitive migraine like headaches, generally emerging right after childhood.
Stroke like episodes usually begin before 40 years of age and repeated episodes can lead to vascular demantia (6) . Presence of migraine like headaches, which can be one of the first symptoms and which can be seen through the course of the disorder, raised the interest of several researchers and lead to studies investigating whether migraine is a mitochondrial disorder. The accepted point of view is that the disorder is due to mitochondrial tRNA mutation. There have been several studies reporting mitochondrial tRNA mutations (7) (8) (9) (10) (11) (12) (13) . Mitochondiral anomalies are characterized with heteroplasmy. Manifestation of the symptoms depend on the localization of the mitochondrial anomalies. High prevalence of migraine in mitochondrial disorders have raised the interest of several researchers and in order to investigate oxidative stress along with mitochondrial functional impairments in patients with migraine, plasma and cerebro spinal fluid (CSF) lactate and pyruvate levels have been measured. Skinhoz (14) and Uotanobe and Kuvabasa(15) showed increased CSF LA levels during migraine episode for the first time. Immediately after this, Montagno and associates (16), reported significantly higher LA level during exercise in migraine patients when compared with the control group and suggested that this was due to mitochondrial energy metabolism impairment in migraine patients and showed abnormal brain and muscle energy metabolism in patients with migraine using magnetic resonance spectroscopy technique (17) . Resuls of recent SPECT studies suggested that the impaired oxidative equilibrium and increased oxydative stress and lipid peroxidation in migraine lead to mitochondrial impairment (18) . Prolonged muscle contractions have been blamed for increased LA and PA levels in tension-type headaches (19) . Okada and associates (20) found significantly increased plasma lactate and pyruvic acid levels in migraine patients while there was no increase in plasma levels in patients with tension-type headaches.
In this study, we found significantly higher LA and PA levels in migraine patients with or without aura and in patients with tension-type headache when compared with the control group. As expected, mitochondrial metabolism changes, and consequently increased lactic and pyruvic acid levels, were more prominent in migrain patients with aura since local blood flow changes are more pronounced in these patients. Our results suggested that mitochondrial abnormalities may accompany migraine patients. However, due to small sample size, we could not compare subgroups of migraine with aura and we could not investigate the association between pain and plasma LA-PA levels.
The pathophysiology of genetic impairment on pain is known in familial hemiplegic migraine patients which have a Mendelian inheritance. Investigating mitochondrial impairments in these type of special migraine groups may lead to more meaningful results.
In spite of limitations we believe that our study may be reference for future studies. It would be appropriate to conduct genetics, biochemistry, neuropathology and radiology researches together. It would be helpful to conduct mitochondrial tRNA and DNA analysis along with invivo investigation of cerebral mitochondrial reagents to enlight mitochondrial abnormalities.
